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The in vitro permeability of oral mucosa from New 
Zealand rabbits to 17 nonelectrolytes was studied using 
radioactive tracer techniques. Calculated permeability 
coefficients were independent of solute concentration 
and were similar when measured from outer to inner 
surface or inner to outer surface. Generally, an increase 
in chain length and increased lipid solubility within a 
series of alcohols or diols resulted in increased permea-
bility. However, the first member of each series dis-
played anomalous behavior in that it penetrated more 
rapidly than the second member of the series. Addition 
of one or more hydroxyl groups to a compound brings 
about a decrease in permeability. The addition of a sec-
ond or third hydroxyl group has less of an effect in 
decreasing permeability if it is adjacent to an existing 
hydroxyl as compared to when it is further separated. 
Addition of a hydroxyl group to a compound decreases 
permeability to a greater extent than addition of a ke-
tone. Also, replacement of an oxygen with a sulfur atom 
or replacement of a hydroxyl group with an amide re-
sults in decreased permeability. These results point out 
the importance of lipid solubility and ability to form 
hydrogen bonds to permeability. 
Absorption of pharmacological agents through the oral mu-
cosa has been recognized as a useful route of administration for 
many years. The first report of the therapeutic usefulness of 
this route was the absorption of nitroglycerin, reported by 
Brunton [1]. Since that time, investigators have demonstrated 
that a wide variety of compounds including ergot alkaloids [2], 
steroids [3,4), cholinergic drugs [5], local anesthetics [6), and 
amphetamines [7) can be absorbed through the oral mucosa. 
Despite the numerous studies of absorption across the oral 
mucosa, it is perhaps surprising that a recent reviewer [8] was 
unable to cite permeability coefficients for oral mucosa from 
the literature. This is in distinct contrast to other human [9) 
and animal epithelial systems [10], as well as plant systems [ll] 
which have been investigated. In the studies reported in this 
paper, we have determined permeability coefficients of several 
groups of compounds to rabbit lingual frenulum in vitro and 
have evaluated the effects of chemical structure of the calcu-
lated permeability coefficient. 
METHODS 
Lingual frenu la used in these experiments were removed from adult 
New Zealand rabbits anesthetized with 30 mg/ kg of sodium pentobar-
bital. After removal, tissues were placed in oxygenated Krebs-Ringer 
phosphate (KRP) solution. The composition of the KRP solution was 
5 mM K, 148 mM Na, 1.33 mM Mg, 2.0 mM Ca, 154 mM Cl, 1.33 mM SO.,, 
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0.1% glucose, 8.6 mM phosphate buffer, pH 7.4. The cut edges of the 
frena were gently spread exposing the inner surface. The inner sUTface 
of the frena were cleaned of extraneous tissue with the aid of a 
dissecting microscope. The resulting thin membrane was mounted in a 
modified Ussing (12] chamber previously described by us [13]. Up to 4 
pieces of tissue were obtained from the frenulum of one rabbit. The 
half-chamber facing the inside (blood side) of the tissue was filled with 
KRP and bubbled with oxygen. The half chamber facing the outside 
(oral side) of the tissue was fJ.!led with KRP containing 1 fL Ci/ml of the 
radioactive label under test and sufficient nonradioactive compound to 
bring the total concentration to 1. mM (unless mentioned otherwise in 
the text). Ten microliter aliquots were removed from both the inside 
and outside solutions at 20-min intervals and placed into glass counting 
vials. Fifteen ml of Bray's solution were added to each vial and the 
vials were counted using a Packard liquid scintillation counter. All 
counts were corrected for quenching. 
Permeability coefficients were calculated from a knowledge of the 
volume of solution in each half-chamber using the Fick relationship: 
Q A = K,. (Cn - C;)t 
where Q is the amount of solute which crosses from the outside to the 
inside of the membrane, K" is the permeability coefficient, Co and C; 
are the concentrations of solute on the outside and the inside of the 
tissue respectively, A is the area of tissue exposed to the solutions and 
tis time. 
All compounds used in this study were labeled with "C. Glycerol, 
urea, methylurea, ethylene glycol, methanol, acetamide, thiourea, 
ethanol, acetone, propanol, butanol, and octanol were obtained from 
New England Nuclear. 1,2-propanediol, 1,3-propanediol, and 1,7-hep-
tanediol were obtained from International Chemical and Nuclear Cor-
poration, and 1,4-butanediol was purchased from American Radiochem-
ical Corporation . All isotopes were stored under refrigeration and used 
within tl1l'ee weeks of receipt. · 
RESULTS 
An example of the relationship between the number of counts 
of radioactivity appearing in the half-chamber facing the inside 
of the frenulum and time is shown in Figure. In this experiment, 
the rates of transfer of urea and thiourea were compared. The 
relationship is essentially linear from the 1st to the 5th hr of 
each experiment. In all experin1ents reported below permeabil-
ity coefficients are calculated from data collected between 1.5 
and 4 hr of experimental time. 
Table I gives the permeability coefficients to mea, ethanol, 
and glycerol calculated from experiments in which the concen-
tration in the outside bathing solution was varied from 0.1 to 
100 mM. Increases in concentration over this range had no 
significant effect on .K.". The calculated K" values for 4 com-
pounds in which part of the frenulum was used to determine 
transfer in one direction and part of the same frenulum was 
used · to test transfer in the opposite direction are summarized 
in T able II. There were no statistically significant differences 
( P > 0.05) between rates of transfer of any one compound when 
tJ:le forward and reverse directions were compared using the t-
test. 
Effects of Increasing Chain Length 
Table III gives the calculated permeability coefficients (K") 
of the 17 solutes tested in this study, as well as their olive oil to 
water partition coefficients (Konl and chemical structure. AI-
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Relationship be tween counts crossing from the oral to the blood s ide 
of the same frenulum preparation. Open circles show rate of appearance 
of "''S -labe led thiourea and filled circles show rate-of appearance of 
"C-labeled urea on the blood s ide. Radio isotope concentrations and 
specific activ it ies we i·e initia lly equal on the oral s ide of t he tissue. 
TABLE !. Effect of changing concentration on calculated 
permeability constants" 
Concentration of compound (mM ) 
Compound 
0,1 1.0 10.0 100.0 
Urea .92 ± .131' .93 ± .19 .85 ± .16 .77 ± .21 
(3 , 7) (5, 10) (5, 10) (4 , 10) 
Ethanol 4.01 ± .71 3.81 ±.50 3.74 ± .68 3.87 ± .63 
(4, 9) (5 , 11) (5, 10) (4, 9) 
G lycero l .39 ± .11 .38 ± .09 .44 ± .13 .33 ± .14 
(5, 10) (5, 10) (4, 9) (5, ll) 
" P e rmeability constants x 10" measured in em/sec. 
"Mean ± standard deviation. Numbers in parenthesis are the num-
ber of a nimal a nd specimens tested, respective ly. 
TABLE II. Compariwn of forward and reverse permeability 
consia.nts (X 10'') for the rabbit frenulum" 
Compound 
Glycerol 
Acetamide 
Buta nol 
Octa nol ' 
Direction of transfer 
Outside to inside . 
.36 ± .099 (2, 4)1! 
.34 ± .16 (3, 5) 
3. 1 ± 1.17 (2, 4) 
4.6 ± .30 (3, 6) 
Inside to ou tside 
.47 ± .117 (2, 4) 
.29 ± .33 (3 , 5) 
3.8 ± .96 (2, 3) 
4.2 ± .32 (3, 6) 
" Permeability constants X 10'' measured in em/sec. 
1
' M ean'± standard deviation. Numbers in parenthesis are the num-
ber of animal and specimens tested, respectively. 
though increases in chain length within a homologous series 
result in regular increases in KoH, it is apparent that the first 
member of both the alcohol and termin'al diol series have a 
higher K" value than the second. Thus, the K" for methanol 
(8.12 X 10-~) and ethylene glycol (0.61 X 10-~) are higher, 
respectively, than for ethanol (3.81 x 10-~) and 1,3-propanediol 
(0.41 X 10-.:!.). In the alcohol series the decrease inK" continued 
with propanol (1.97 X 10- .'!.) having a lower K" than ethanol 
(3.81 X 10-.:!.) and then increased with increasing chain length. 
In the terminal diol series K" values commenced to increase 
after the _second member of the series. Similarly, urea, the first 
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member of its series, had a higher K" value (0.93 X 10-.'!.) th an 
methylurea (0.61 X 10-.:!.). 
Introduction of Oxygen Functions 
Int roducing a second OH into a compound results in a de-
crease in K". The K" value for ethylene glycol (0.61 X w-~) is 
less than that of ethanol (3.81 X w-~). the Kp for 1,3-propanediol 
(0.41 X 10-2) is Jess than that of propanol (1.97 X 10-~), and the 
Kp for 1,4-butanediol (0.47 X w-~) is less than that for butanol 
(3.53 X 10-2) . Each of these differences is significant at the .05 
level. 
Introduction of a third OH group in the three carbon series 
results in a further decrease in K". The K" value for glycerol 
(0.38 X 10- .'!.) is significantly (P < 0.05) less than that of propanol 
(1.97 X 10-2) and Jess than the value for 1,2-propanediol (0.73 
X w-~) . and 1,3-propanediol (0.41 X w-~). The effect of added 
OH groups on effecting a decrease in K" appears to be greater 
when the OH groups are widely separated as compared to when 
they are adjacent. Thus, the K" values for 1,3-propanediol (0.41 
X 10-.'!.) and 1,4-butanediol (0.47 X 10-~) ar; lower, respectively, 
than those of 1,2-propanediol (0.73 X 10-~) and 1,3-butanediol 
(0.54 X 10-~) . 
An OH group appears to decrease permeability to a greater 
TABLE III. Permeability coefficients for organic molecules in 
lingual frenulum" 
Partition Permeability coeffi-Compound Formula cient constant (x 10'' 
(K.,,,) em/sec) 
Alcohol series 
Methanol H,C-OH 0.0078 8. 12 ± 1.3 (4, 7) . 
Ethanol H,C- CH,-OH 0.032 3.8 1 ±.5 1 (6, ll ) 
Propanol H,C- (CH2),- 0H 0.13 1.97 ± .27 (4 , 8) 
Butanol H,C- (CH2),- 0H 0.28 3.53 ± .91 (3, 6) 
Octanol H:oC- (CH2),- 0H 4.68 ± 1.4 (2, 4) 
Diol se ries 
Ethylene glycol HO OH 0.00049 0.6 1 ± .08 (6, 10) 
I I 
H,C- CH, 
I ,3-propanediol HO OH 0.00 11 0.41 ± .17 (4, 7) 
I I 
H,C- CH,-CH, 
I ,2-propanediol HO OH 0.0017 0.73 ± .12 (7 , 13) 
I I 
H,C- CH,-CH, 
1,4-butanediol HO OH 0.002 1 0.47 ± .10 (6, 12) 
I I 
H.,C- CH,-CH,- CH, 
I ,3-butanediol HO OH .0043 0.54 ± .06 (4 . 7) 
I I 
H,C- CH,-CI-1- CH, 
I ,7 -heptanediol HO OH .031 1.40 ± .25 (6, 10) 
I I 
H,C- (CH, ),,- CH, 
Urea se ries 
Urea 0 0.000 15 0.93 ± .19 (9, 16) 
II 
H,N- C- NH , 
Methyl urea 0 0.00044 0.61 ± .14 (8, 15) 
II 
H,C- NH- C- NH :o 
Thiourea s 0.0012 0.29 ± .II (7, 14) 
II 
H, N- C- NH, 
Other compounds 
Acetamide 0 0.00083 0.28 ± .07 (8, 15) 
II 
H,C- C- NH, 
Acetone 0 0.075 3.09 ± .41 (6, 11) 
II 
H,C- C- CH,, 
Glyce rol HO OH OH 0.00007 0.38 ± .08 (5, 10) 
I I I 
H,C- CH- CH, 
" Permeability constants X IO'' measured in em/sec. 
" Mean ± standard deviation. Numbers in parenthesis are the number of 
animal and specimens tested, respectively. 
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extent than a ketone group. The K 11 for acetone (3.09 X 10-~) is 
almost t wice that of propanol (1 .97 X 10-~), and this difference 
is significant at the .05 level using the "t" test. 
Effects of Substitution of a Sulfur for an Oxygen and Effects 
of Amide Groups 
Replacement of the oxygen in urea with a sulfur leads to a 
decrease in permeability. The K" value for thiourea (0.29 x 
10-2) is about one-third that of urea (0.93 X 10-2). This differ-
ence is statistically different at the .05 level. Also, the K" value 
for the 2 carbon length amide acetamide (0.28 x 10-2) is 
significantly lower than that of ethanol (3.81 X 10-2). 
DISCUSSION 
In these experiments we measured the rate at which a variety 
of organic nonelectrolytes penetrate the oral mucosa. The cal-
culation of the permeability coefficient was accomplished using 
t he Fick formula and assuming that molecules cross the oral 
epithelium by diffusion. The validity of using this approach was 
verified by the experiments in which linearity of the plot of 
amount of substance crossing the tissue per unit time (Figure) 
and also by the simila1·ity of the calculated permeability coef-
ficients when the concentration was varied (Table I) . The fact 
t hat permeability coefficients were not influenced by the direc-
t ion of nonelectrolyte transfer (Table II) gives further credence 
to the use of diffusion model and suggests that active transport 
of these substances does not occur across the oral mucosa. 
At the end of the 19th century Overton [14] formulated rules 
which related chemical structure to permeability . Overton's 
rules stated, for instance, that permeability is increased by 
increasing chain length and by replacement of an oxygen with 
sulfur, and that permeability is decreased by addition of oxygen 
functions such as hydroxyl, ketones, or aldehyde groups. Col-
lander (15] noted that the same general rules that Overton 
described as relating permeability to chemical structure de-
scribe the partition of nonelectrolytes between water and a lipid 
solvent. We chose to use the olive oil:water partition coefficient 
as the parameter of lipid solubility. Other ratios such as an 
ether:water partition coefficient could have been used and our 
conclusions would not have been altered. The experiments of 
Hansch, Quinlan, and Lawrence [16] suggest that the lipid 
phase can be represented by a variety of organic liquids. 
Most of the permeability coefficients listed in T able III for 
lingual frenulum follow the classical pattern. Generally, as K oii 
increases, there is an increase in perme.ability. It should be 
noted, however, that although the smallest member of each of 
the 3 series tested has the lowest K oii. the permeability coeffi-
cient of this smallest compound is greater than larger members 
of the series. In the alcohol series, the permeability decreases 
from methanol through propanol and then increses. In the 
terminal diol and urea series the permeability of the smallest 
member is greater than the second. This anomalous behavior 
of the smallest member of a series has previously been noted 
for several groups of compounds in a variety of tissues including 
rabbit gallbladder [10] and red blood cells [17]. In vitro studies 
[18, 19] employing human abdominal skin obtained at autopsy 
have also demonstrated regular increases in permeabili ty to 
· alcohols as KoiJ increases. However, these studies did not show 
the anomalous higher permeability to the short chain length 
alcohols. The K 11 values reported in these studies on human 
skin [18, 19] ranged from about 4 to 200 times lower than our 
results. This may be related to the fact that the tissue used in 
our experiments is parakeratinized in contrast to the orthoker-
atinized human skin. 
Introduction of oxygen functions in the form of a hydroxyl 
group into a molecule decreases its K ai i and its permeability 
coefficient. Both the permeability coefficient and K oii for each 
terminal diol in Table III are less than that of the same chain 
length alcohol. The effect of adding hydroxyl groups has been 
explained [20] as being due to the fact that this group can form 
2 hydrogen bonds with water. This would increase the strength 
of the molecules interactions with water resulting in a decrease 
in KoiJ and the abil ity to penetrate a lipid membrane resulting 
in a decrease in permeability coefficient. It should be noted that 
as the hydroxyl groups are moved closer together there is an 
increase in permeability (compare 1,3-propanediol with 1,2-
propanediol and 1,4 butanediol with 1,3-butanediol). This is 
most likely due to the formation of cyclic intramolecular hydro-
gen bonds. Since each intramolecular hydrogen bond decreases 
the number of hydrogen bonds that can be formed with water 
by 2, there is less hydrogen bonding between the molecule and 
water, thus increasing both Koii and the permeability coefficient. 
Adding a 3rd hydroxyl to the propanedioles results in glycerol 
which has a lower K ai i and permeability coefficient than either 
1,2-propanediol or 1,3-propanediol. This again is probably re-
lated to glycerol's increased ability to form hydrogen bonds 
with water because of th e third hydroxyl group. 
From a comparison of the permeability coefficients of pro-
panol and acetone, it would appear that a carbonyl group has 
less of an effect on decreasing permeability than a hydroxyl 
group. This is probably related to the fact that a carbonyl can 
only form hydrogen bonds with an aqueous phase by accepting 
protons as it has none to donate. On the other hand, an amide 
such as acetamide has the possibility of forming hydrogen 
bonds at both the oxygen and nitrogen sites. This may be the 
reason for the lower permeability of acetamide as compared to 
ethanol. Similar results have been reported in experiments 
carried out using gallbladder [20]. 
Sulfm-containing compounds such as thioruea have higher 
K oii values than their oxygen-containing counterparts [11], and 
according to Overton's [14] rules, sulfur-containing compounds 
penetrate biological membranes more readily than an oxygen-
containing compound. This has been explained as due to poorer 
hydrogen bonding ability of the sulfur-containing compound . 
However, om results indicate that the sulfur-containing thi-
ourea penetrates the oral mucosa less readily than mea, a n 
oxygen-containing compound. This deviation from Overton's 
rules has previously been noted by Diamond and Wright [20] 
in the gallbladder, Naccache and Sha'afi [21] in human red 
blood cells, and Leaf and Hays [22] in the urinary bladder. 
Our data suggests that the permeability of oral mucosa to 
most compounds follows the rules originally enunciated by 
Overton [14]. Further, for most compounds the molecular fac-
tors that govern permeability are related to those that govern 
oil :water partit ion coefficients. Thus, it would appear that most 
compounds penetrate the mucosa by dissolving in the lipids of 
the cell membrane. 
An exception to this general behavior is the deviation dis-
played by small hydrophilic molecules. Wright and Pietras [23] 
have presented 3 explanations for the anomalous permeation of 
small molecules. These include (1) permeation occms through 
small "pores," (2) permeation mediated by membrane carriers, 
and (3) high permeability of small polar solutes as a conse-
quence of the highly ordered configuration ·of plasma membrane 
lipids. The fact that permeability coefficients remained constant 
over a wide range of concentrations of solute make the second 
possibility unlikely. We have no direct evidence which allows 
us to distinguish between the first and third possibilities. How-
ever, the existence of streaming potentials across oral mucosa 
[13] indicates the existence of polar groups in this membrane. 
Concentration of these polar groups in localized areas would 
yield the most stable membrane configuration from the point 
Of view of energetics [10]. For these reasons, we suggest that 
the small polar solutes interact with membrane polar groups 
when penetrating the oral mucosa. In this respect, the barrier 
presented by oral mucosa is not unlike that offered by human 
stratum corneum for which a similar mechanism of small mol-
ecule penetration has been proposed [19]. 
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